creased after thyroidectomy than in patients whose serum PTH did not. Furthermore, the serum Ca concentration was significantly correlated with PTH-M, and with NcAMP on the third postoperative day. These data proved that hypofunction of the parathyroid gland is important in transient hypocalcemia after subtotal thyroidectomy for Graves' disease. The pathogenetic mechanism of transient hypocalcemia was discussed in comparison with the data from a patient who had overt parathyroid injury. (Davis et al., 1961; Ridell, 1962) , 2) the reversal of thyrotoxic osteodystrophy (Michie et al., 1971; Latin, 1976) , 3) the release of calcitonin (CT) during thyroid manipulation, (Wilkin et al., 1977; Fukunaga et al., 1977 ; Kobayashi, 1981; Watson et al., 1981) and reduction in the renal tubular reabsorption of calcium, (Percival et al., 1985) but there is no conclusive proof. In particular, the role of parathyroid hormone (PTH) in the pathogenesis is not known, because there has not been an assay for PTH sensitive enough to evaluate the changes in serum PTH after thyroidectomy. Recently, a highly sensitive assay for PTH was developed using antisera with a high affinity for circulating PTH (Hurska et al., 1975) and synthetic human (h) PTH (43-68) as a radioligand (Fukunaga et al., 1987; Kawakubo et al., 1986) . Using this assay, significantly low PTH concentrations were found in sera of patients with idiopathic hypoparathyroidism and hyperthyroidism.
In this study, therefore, to investigate the role of parathyroid function in transient hypocalcemia after subtotal thyroidectomy for Graves' disease, we measured nephrogenous cAMP and serum PTH concentrations by this highly sensitive assay before and after surgery.
Patients and Methods
Eleven female and 5 male patients undergoing subtotal thyroidectomy for Graves' disease were studied.
A diagnosis of Graves' disease was established by diffuse goiter, an increased serum thyroid hormone concentration, and 131I-thyroidal uptake.
All the patients were treated with methimazole and Lugol solution, and were euthyroid on operation day (D-1). All medications were withdrawn on D-1 and none was reintroduced during the period of study.
Local anesthesia with 0.5% procaine was used. Blood samples were obtained and urine was collected at 8 : 00 a.m. after overnight fasting and urination at 7:00 a.m. before surgery (D-1) and on the first (D+1), third (D+3) and the fifth (D+5) postoperative days. In addition to the measurement of serum PTH, serum and urine Ca, P, creatinine, and cAMP were measured and the nephrogenous cAMP (NcAMP) concentration was calculated. One patient in this series (Y. S.) had severe clinical tetany, but others did not complain of any symptoms of hypocalcemia. Y. S. was considered to have suffered parathyroid damage because the intravenous infusion of Ca and ingestion of active vitamin D were necessary for the control of hypocalcemia.
Hereafter, we will discuss the data divided into the case of Y.S. and the others. When we do not mention the source, the data refer to patients other than Y. S.
Serum Ca was significantly decreased on D+3, and D+5, and serum P also tended to decrease, while serum P increased in the case of Y.S. (Table  1) . Serum PTH-C did not significantly change during the period of study.
Even in the case of Y. S., it was not significantly different from the data for the others (Fig. 1) . In contrast to serum PTH-C, serum PTH-M had a tendency to decrease after surgery, but this was not significant.
In addition, hypoparathyroidism in the case of Y. S. was clearly demonstrated by the measurement of serum PTH-M. Although the changes in NcAMP were not significant for the others, it decreased in the case of Y.S. These findings indicate that 1) the presence of overt parathyroid insufficiency can be shown by the measurement of PTH-M and NcAMP, while it cannot by PTH-C, and 2) when the data were analyzed in all the patients, parathyroid function tended to fall but it was not significant.
Then the patients were divided into two groups according to the change in serum Ca, that is, when the sum of the decreases in serum Ca on D+1, D+3, and D+5 from that on D-1 was 13 mg or more (A) or less than 13mg (B) (Fig. 2). Group A consisted of 4 patients, whose serum concentration of Ca decreased significantly on D+1, D+3, and D+5; in the 11 patients in group B, the serum Ca concentration did not change significantly.
Moreover, serum PTH-M and PTH-C concentrations decreased significantly after thyroidectomy in group A as analyzed by a paired Student's t-test (Fig. 2) . These data were also analyed in the opposite way.
That is, the patients were divided into two groups according to the change in serum PTH. In Table 1 . Changes in serum and urine Ca, P and %TRP on operation day (D-1), and the first (D+1), third (D+3), and fifth (D+5) postoperative days in 15 patients with Graves' disease. percentage of tubular reabsorption of P (%TRP) significantly decreased on D+1, while it increased in the case of Y.S. Decrease in %TRP and the increase in urinary P excretion on D+1 were observed even in group A patients.
Di scu ss ion
Functional hypoparathyroidism has been thought to be one of the causes of transient hypocalcemia after subtotal thyroidectomy (Davis et al., 1961; Ridell, 1962) . However, no reports have shown a definite decrease in the serum PTH concentration. This may be due to the low sensitivity of the PTH assay (Berson et al., 1963; European PTH Study Group, 1978; Voll et al., 1978) . The problems with the assay include the scarcity of an antiserum with high affinity for the circulating form of PTH, the scarcity of ligands for radioiodination, and the heterogeneity of the immunoreactivity of circulating species of PTH. Two papers reported changes in the serum immunoreactive PTH concentration in post-thyroidectomy hypocalcemia (Watson et al., 1981; Percival et al., 1985) but no significant decrease in serum PTH was demonstrated. Also, in our study, the serum PTH-C concentration in the case of Y. S. who had overt parathyroid injuly tended to decrease but was not significantly different from those of the other patients. In contrast, the parathyroid insufficiency of Y. S. was clearly demonstrated by a significant decrease in serum PTH-M.
It has been reported difficult to differentiate hypoparathyroidism from normal subjects by the PTH-C assay (Ishihara et al., 1984) . The difference between PTH-M and PTH-C sensitivity may be due to the difference in the affinities of antibodies to circulating PTH, since PTH-M and PTH-C recognized almost the same mid portion of hPTH (PTH-M: 43-68, PTH-C: 39-68) (Fukunaga et al., 1987; Kawakubo et al., 1986 (Broadus et al., 1977) , was significantly correlated with the serum Ca concentration. We concluded that hypofunction of the parathyroid gland may be important in transient hypocalcemia after subtotal thyroidectomy. In a separate study, serum intact PTH concentrations were measured by immunoradiometric assay (kit from Nichols Institute, San Juan Capistrano, CA) in another series of Graves' patients before and after surgery. In patients whose serum Ca decreased markedly, serum intact PTH decreased, and the pattern of change was similar for serum M-PTH (data not shown).
However, transient hypoparathyroidism cannot be the only cause of transient hypocalcemia. In the overt postoperative hypoparathyroidism observed in the case of Y.S., serum P and %TRP increased in association with a decrease in serum Ca. Unlike this, serum P and %TRP decreased in cases of transient hypocalcemia. Urinary P excretion in addition to urinary Ca excretion increased after surgery. Decreased tubular reabsorption of Ca might be due to decrease PTH, but the increase in urinary P excretion cannot be explained by hypoparathyroidism. The release of CT has been reported to be a mechanism for early post-thyroidectomy hypocalcemia (Wilkin et al., 1977; Watson et al., 1981) . We have also studied the role of CT in transient hypocalcemia (Mimura et al., 1982) and found that serum CT increased after surgery but its increase was very small and there was no significant correlation between the degree of increase in CT and the degree of decrease in Ca. However, a slight increase in serum CT might decrease renal tubular reabsorption of both P and Ca (Ardaillou et al., 1967) , resulting in increases in urinary Ca and P excretion. Moreover, an acute decrease in serum T3 and T4 after subtotal thyroidectomy (Mimura et al., 1982) may result in decreased reabsorption of P, since thyroxine administration increase proximal reabsorption of P in thyroparathyroidectomized rats (Espinosa et al., 1984) .
Another possible mechanism for transient hypocalcemia after subtotal thyroidectomy for Graves' disease is the reversal of thyrotoxic osteodystrophy (Michie et al., 1971; Latien, 1976) . However, if the return of Ca to bone were the mechanism leading to postoperative hypocalcemia, it would be expected that PTH increased and that serum CT decreased, but in fact those changed in opposite ways (Wilkin et al., 1977; Watson et al., 1981) . Various factors including the effects of the acute decrease in serum T3 and T4 on the action of PTH and vitamin D (Castro et al., 1975; Pavlovich et al., 1977) may modulate the Ca and P metabolism after subtotal thyroidectomy for Graves' disease. However, transient insufficiency of the parathyroid gland may be a main cause of post-thyroidectomy hypocalcemia.
